Background
==========

With the rising prevalence of diabetes mellitus (DM), diabetic nephropathy (DN) is one of the most severe complications of DM and a primary cause of end-stage renal disease (ESRD) \[[@b1-medscimonit-26-e924923]\], and has become a heavy economic burden on the health care system worldwide \[[@b2-medscimonit-26-e924923]\]. While albuminuria is an independent risk factor for end-stage diabetic nephropathy (DN) \[[@b3-medscimonit-26-e924923]\], it also occurs in patients with diabetes and individuals with non-diabetic renal diseases (NDRDs). Some studies suggest that prevalence of DN is only less than 50% in patients with DM undergoing renal biopsy \[[@b4-medscimonit-26-e924923],[@b5-medscimonit-26-e924923]\]. Among individuals diagnosed with NDRD, the most common pathologic type is glomerulonephritis (GN) \[[@b4-medscimonit-26-e924923],[@b5-medscimonit-26-e924923]\]. Generally, the treatment strategy and prognosis for DN and glomerulonephritis are quite different. For instance, steroids are recommended in the Kidney Disease: Improving Global Outcomes (KDIGO) Clinical Practice Guideline for glomerulonephritis, but they may exacerbate diabetic nephropathy \[[@b6-medscimonit-26-e924923],[@b7-medscimonit-26-e924923]\]. Thus, accurate differential diagnosis of glomerulonephritis from DN is of prime importance.

Renal biopsy remains the diagnostic gold-standard and enables reliable diagnosis of glomerulonephritis, but it is invasive. Therefore, a way to use available clinical and laboratory data prior to biopsy to identify glomerulonephritis is urgently needed. Typically, absence of clinical features such as diabetic retinopathy, diabetic neuropathy or short duration of DM suggest a lower likelihood of DN in patients with diabetes, and provide a stronger clinical rationale for renal biopsy. Multivariant predictive models based on such clinical parameters have been constructed to facilitate differentiation of GN from DN \[[@b4-medscimonit-26-e924923],[@b8-medscimonit-26-e924923],[@b9-medscimonit-26-e924923]\]. The results, however, have not been uniform, mainly due to differences in the study populations or selection criteria. Presence of microhematuria has been suggested as an indicator for renal biopsy in patients with diabetes who have albuminuria \[[@b10-medscimonit-26-e924923],[@b11-medscimonit-26-e924923]\]. However, a comprehensive analysis by Li and coworkers \[[@b12-medscimonit-26-e924923]\] showed that the diagnostic sensitivity of hematuria for NDRDs in type 2 diabetes (T2DM) with kidney disease was only 42%, indicating a lack of adequate evidence for either to predicting GN or exclude isolated DN.

In this study, we aimed to investigate the association between red cell distribution width (RDW) levels and presence of GN in patients with diabetes who have albuminuria, and to explore potential predictive roles of RDW in identifying GN in patients with diabetes who are diagnosed with albuminuria.

Material and Methods
====================

Patients recruitment
--------------------

Adult patients with T2DM from Zhejiang hospital were enrolled from February 2013 to December 2019. Exclusion criteria were the following: (1) incomplete medical history or clinical examination results; and (2) serious infectious disease, tumor or other serious conditions. Two hundred patients with diabetes were finally enrolled, including 130 with albuminuria and 70 without albuminuria. This retrospective observational study was based on anonymized patient data. The study protocol was approved by the Human Ethics Review Committee of Zhejiang Hospital. The requirement for informed consent was waived due to the observational, retrospective nature of the study.

Diagnostic criteria
-------------------

Diagnosis of T2DM was based on the standard from the World Health Organization \[[@b13-medscimonit-26-e924923]\], and diagnosis of diabetic nephropathy was based on the standards of the 2010 Renal Pathology Society (RPS) \[[@b14-medscimonit-26-e924923]\]. GN is a group of kidney diseases and defined on the basis of The 2012 KDIGO practice guideline \[[@b6-medscimonit-26-e924923]\]. Albuminuria was defined based on urinary albumin/creatinine ratio (ACR) higher than 2.5 mg/mmol (male) or 3.5 mg/mmol (female) \[[@b15-medscimonit-26-e924923]\].

Clinical and laboratory data
----------------------------

Clinical information and laboratory data were extracted within 1 month before renal biopsy, including gender, age, medical history of DM, diabetes duration, medical history of hypertension, pharmacotherapy, serum glucose, glycated hemoglobin (HbA1c), estimated glomerular filtration rate (eGFR; calculated using the CKD epidemiology formula), urinary albumin, urinary creatinine, hypersensitive C-reaction protein (Hs-CRP) and hematological data such as white blood cell (WBC) count, red blood cell (RBC) count, hemoglobin (Hb), mean corpuscular volume (MCV), and red blood cell distribution width (RDW).

Statistical analysis
--------------------

Continuous clinical data were presented as mean±standard deviation (SD) or median (interquartile range) (IQR). The intergroup comparison was assessed by student's *t*-test or Wilcoxon's test and the χ^2^ test for enumeration data. Univariate and multiple logistic regression analysis were used to assess the clinical predictors in patients with diabetes. P\<0.05 was regarded as statistically significant. All statistical analyses were performed using SPSS software 20.0 (SPSS, Chicago, Illinois, United States), and graphics were created using Prism for Windows 10, GraphPad Software, Inc.

Results
=======

Baseline characteristics and laboratory data
--------------------------------------------

Clinical and laboratory data on all patients with diabetes are shown in [Table 1](#t1-medscimonit-26-e924923){ref-type="table"}. Of 200 patients with T2DM enrolled in our study, 65% were diagnosed with albuminuria. No statistically significant relationship was observed between disease duration and incidence of albuminuria. Notably, Hs-CRP was significantly higher in patients with albuminuria than in patients without albuminuria, and patients with albuminuria suffered worse renal function. Of the 130 patients with albuminuria, 115 patients have undergone renal biopsy including 57 patients with isolated diabetic nephropathy and 44 patients with GN. Mean duration of diabetes in all patients was 11.66 years. Patients diagnosed with GN had a shorter duration of diabetes than did patients with DN ([Table 2](#t2-medscimonit-26-e924923){ref-type="table"}). Patients with GN were less likely to have hypertension than were patients with DN (P=0.023), which may be due to the longer duration of diabetes in the latter patients (r=0.518, P\<0.001) (data not shown). Nevertheless, no significant difference in urinary albumin was observed between patients with different stages of CKD (data not shown).

Hematological features in diabetic patients with albuminuria
------------------------------------------------------------

Much higher RDW levels were observed in GN compared with isolated DN in patients with diabetes who had albuminuria ([Table 2](#t2-medscimonit-26-e924923){ref-type="table"}, [Figure 1A](#f1-medscimonit-26-e924923){ref-type="fig"}). A univariate model showed that RDW had significant predictive value for GN (OR=1.829, 95% CI=1.274\~2.626, P\<0.001). It has been reported that eGFR may have an influence on RDW, making eGFR a confounding factor in the context of higher RDW levels in patients with GN compared with patients with DN who have albuminuria. We also found a significant correlation between GFR and levels of Hb and RDW values, with correlation coefficients of 0.499 (95% CI=0.354\~0.632, P\<0.001) and −0.187 (95% CI=−0.328\~−0.017, P=0.046), respectively ([Figure 1B, 1C](#f1-medscimonit-26-e924923){ref-type="fig"}). That may be a result of less reduced erythropoietic activity secondary to impaired renal function \[[@b16-medscimonit-26-e924923]\]. Therefore, we constructed multivariate model to rule out the possibility that the associations between hematological features and presence of GN in patients with diabetes might be affected by confounding factors. Accordingly, when adjusted for age, gender, eGFR, hypertensive status, and diabetic duration, the association between RDW values and presence of GN remained statistically significant (OR=1.988, 95% CI=1.237\~3.194, P=0.005).

A receiver operating curve (ROC) analysis was performed to determine the cutoff value of RDW for predicting GN versus DN in patients with diabetes who have albuminuria. The area under the ROC curve (AUC) for RDW was 0.697 (95% CI: 0.592\~0.801, P\<0.001), and an RDW higher than 13.95 predicted GN in patients with diabetes with a sensitivity of 61.36% and specificity of 70.18% ([Figure 2A](#f2-medscimonit-26-e924923){ref-type="fig"}). Furthermore, a decision curve analysis (DCA) based on the net benefit for RDW-based tests showed that using RDW levels to predict GN in patients with diabetes who had albuminuria might add more clinical benefit than treating or omitting all patients with albuminuria ([Figure 2B](#f2-medscimonit-26-e924923){ref-type="fig"}).

Discussion
==========

GN is a group of complex and heterogeneous diseases, caused by different underlying pathological conditions, that include primary forms such as IgA nephropathy and membranous GN \[[@b17-medscimonit-26-e924923]\], or occur as a consequence of systemic diseases such as lupus nephritis and infections \[[@b18-medscimonit-26-e924923],[@b19-medscimonit-26-e924923]\]. In patients with diabetes who have albuminuria, GN has been shown to account for a great proportion of renal biopsies \[[@b4-medscimonit-26-e924923],[@b5-medscimonit-26-e924923]\]. Most patients with diabetes are unwilling to undergo renal biopsy, and do so only if their physicians strongly recommend further diagnostic examination when albuminuria is suspected and is unlikely to be caused by diabetic nephropathy. Therefore, a noninvasive diagnostic indicator for GN prior to renal biopsy is desirable for patients with diabetes who are diagnosed with albuminuria. A number of studies show that misdirected infiltration of inflammatory cells in renal glomerulus and tubulointerstitium is found in most forms of GN regardless of their etiologies \[[@b20-medscimonit-26-e924923]--[@b22-medscimonit-26-e924923]\]. Thus, GN has been regarded as resulting from inflammation, such that various inflammatory factors are reported as possible predictors of disease activity and for diagnosis in patients with GN \[[@b23-medscimonit-26-e924923]\]. In our study, Hs-CRP higher than 1.89 mg/L was found to positively contribute to incidence of GN in patients with diabetes who had albuminuria, with an OR of 3.695 (95% CI: 1.000--10.486, P\<0.05).

Red cell distribution width (RDW), part of complete blood count, is a common hematological parameter reflecting the heterogeneity of circulating RBC size. While RDW serves as a differential indicator for anemias, especially for diagnosis of iron deficiency \[[@b24-medscimonit-26-e924923]\], it has also been revealed to be altered under many clinical conditions associated with inflammation other than anemia \[[@b25-medscimonit-26-e924923],[@b26-medscimonit-26-e924923]\]. An elevated RDW can be observed in patients who have diseases representing inflammatory states, such as systemic lupus erythematosus \[[@b27-medscimonit-26-e924923]\], rheumatoid arthritis \[[@b28-medscimonit-26-e924923]\] and cardiovascular disease \[[@b29-medscimonit-26-e924923]\]. Our study also suggests that high RDW is significantly associated with inflammatory factors (such as Hs-CRP) in patients with diabetes who have GN, with a correlation coefficient of 0.285 (95% CI: 0.075--0.466, P\<0.01). In addition, Hs-CRP positively contributed to higher RDW (\>13.95) with an OR of 3.444 (95% CI: 1.322--8.972, P\<0.05) in patients with diabetes who had albuminuria, and combining Hs-CRP with RDW could significantly increase the predictive ability, with an AUC of 0.735 (95% CI: 0.593\~0.877, P\<0.005) compared with RDW only ([Figure 2A](#f2-medscimonit-26-e924923){ref-type="fig"}). Even though other circulating cytokines such as TNF-α or interleukin 6 were not involved in the study, we believe that the molecular mechanism of the above-mentioned relationships between RDW and incidence of GN may be mainly due to the roles of RDW in patients with inflammatory status and reliably reflect increasing levels of circulating cytokines \[[@b25-medscimonit-26-e924923],[@b30-medscimonit-26-e924923]\].

This is the first study investigating the relationship between baseline RDW and GN incidence in patients with diabetes. The main finding is that when a patient with diabetes is diagnosed with albuminuria, increased RDW level at baseline before renal biopsy are significantly associated with increased risk of GN rather than of DN. This is of prime clinical importance as physicians may be inclined to proceed with renal biopsy in patients with diabetes who have albuminuria if a higher RDW is observed, while considering that for the remainder of patients, renal biopsy would represent a high unnecessary burden, both physical and mental. Results of our study also indicate that the predictive value of RDW mainly may be attributable to the inflammatory microenvironment in patients with diabetes who have GN. Another study has suggested that baseline RDW value is also a promising novel biomarker for predicting response to treatment in adult patients with nephrotic syndrome due to primary glomerulonephritides \[[@b31-medscimonit-26-e924923]\], which further underscores the clinical significance of RDW.

It is important to note that some studies have revealed that inflammatory conditions also exist in pure DN \[[@b32-medscimonit-26-e924923],[@b33-medscimonit-26-e924923]\], and multiple inflammatory factors can be rationally applied to identify DN \[[@b34-medscimonit-26-e924923]--[@b36-medscimonit-26-e924923]\]. Similarly, our study showed statistically significant higher levels of Hs-CRP in patients with DN compared with patients who had DM without nephropathy. RDW levels higher than 13.4% also significantly contributed to DN in patients with T2DM (P\<0.05), which may be associated with decreased RBC deformability that is caused by increased inflammation and decreased levels of antioxidants \[[@b37-medscimonit-26-e924923]--[@b39-medscimonit-26-e924923]\]. Nevertheless, as an exploration of noninvasive differentiation of nephropathy associated with DM versus that caused by other factors in patients with DM, our results showed that RDW yielded high predictive capacities for GN.

Conclusions
===========

In conclusion, our study suggests that a high level of RDW is independently associated with increased risk of GN patients with diabetes who have albuminuria. RBC distribution width may predict possible existence of GN when a patient with diabetes is found to have albuminuria, and thus, to some extent, prevent unnecessary renal biopsies.
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###### 

Comparison of baseline data in diabetic patients with and without albuminuria.

  Variable                   With albuminuria (n=130)   Without albuminuria (n=70)   P value
  -------------------------- -------------------------- ---------------------------- -------------
  Male (%)                   83 (63.85)                 48(68.57)                    0.399
  Age, years                 59.25±22.27                63.91±18.79                  0.119
  Diabetic duration, years   11.66±10.64                11.85±11.03                  0.910
  Age of diagnosis, years    57.76±18.08                52.05±15.37                  0.040
  Hemoglobin A1C,%           7.42±2.02                  7.74±2.07                    0.305
  Urinary albumin, mg/L      354.50 (63.80--1495)       8.74 (4.230--16.69)          **\<0.001**
  Glucose, mmol/L            7.52±3.96                  7.62±2.60                    0.850
  eGFR, mL/min/1.73 m^2^     53.18±42.30                99.86±38.29                  **\<0.001**
  WBC, 10^9^/L               6.22±2.84                  5.89±1.59                    0.366
  RBC, 10^12^/L              3.81±0.82                  4.42±0.69                    **\<0.001**
  Hb, g/L                    114.99±25.01               131.80±21.12                 **\<0.001**
  MCV, fL                    91.21±6.19                 90.16±6.81                   0.270
  RDW, %                     13.86±1.39                 13.85±1.45                   0.978
  Hs-CRP, mg/L               17.62±33.55                4.67±8.95                    **\<0.001**

Comparison of baseline clinical and laboratory data in patients with diabetes who do and not have albuminuria. Continuous variables were presented as mean ± standard deviation (SD) or median (interquartile range) (IQR). P\<0.05 was regarded as statistically significant. eGFR -- estimated glomerular filtration rate; WBC -- white blood cell; RBC -- red blood cell; Hb -- hemoglobin; MCV -- mean corpuscular volume; RDW -- red blood cell distribution width; Hs-CRP -- high-sensitivity C-reactive protein.

###### 

Comparison of baseline data in diabetic patients with GNs and isolated DN.

  Variable                          GN (n=44)             DN (n=57)             P value
  --------------------------------- --------------------- --------------------- -------------
  Male (%)                          24 (54.55)            39 (68.42)            0.214
  Age, years                        53.39±20.72           56.14±21.45           0.518
  Diabetic duration, years          3.91±5.02             13.93±9.08            **\<0.001**
  Age of diagnosis, years           49.47±22.06           42.21±20.54           0.091
  Hypertension (%)                  27 (61.36)            47 (82.46)            **0.023**
  Duration of hypertension, years   12.30±12.00           16.55±10.72           0.119
  ACE/ARB                           25 (56.82)            46 (80.70)            **0.015**
  Hemoglobin A1C,%                  7.17±2.60             7.98±2.02             0.081
  Urinary albumin, mg/L             579.1 (263.7--2050)   464.9 (92.84--1606)   1.191
  Glucose, mmol/L                   7.59±3.66             7.93±3.91             0.662
  eGFR, mL/min/1.73 m^2^            47.13±38.71           45.60±44.12           0.856
  WBC, 10^9^/L                      6.18±2.16             6.45±3.54             0.661
  RBC, 10^12^/L                     3.78±0.95             3.74±0.77             0.796
  Hb, g/L                           112.68±29.51          111.86±22.81          0.875
  MCV, fL                           89.84±7.10            90.76±5.65            0.468
  RDW, %                            14.55±1.71            13.51±1.07            **0.001**
  Hs-CRP, mg/L                      4.16 (1.52--42.47)    1.60 (0.80--26.19)    0.272

Comparison of baseline clinical and laboratory data in diabetic patients with GNs and isolated DN. Continuous variables were presented as mean±standard deviation (SD) or median (inter-quartile range) (IQR). P\<0.05 were regarded as statistically significant. ACE -- angiotensin converting enzyme inhibitor; ARB -- angiotensin II receptor blocker; eGFR -- estimated glomerular filtration rate; WBC -- white blood cell; RBC -- red blood cell; Hb -- hemoglobin; MCV -- mean corpuscular volume; RDW -- red blood cell distribution width; Hs-CRP -- high-sensitivity C-reactive protein.
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